Observed of climate change on several decades has been linked to changes in the large-scale hydrological cycle and give the impacts to all areas include small island.
Introduction
Climate change due to increase of carbon dioxide at atmosphere has been influence various factors of life and one of the most is its impact on water resources. This
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The 1st ICSEAS 2016 changes could be characterized by alteration in climate elements such as surface air temperature, precipitation, humidity, wind speed, evaporation, and transpiration. This condition will impact directly or indirectly on the hydrological response of the region, which in turn determines the availability of water for various needs.
Climate change also can lead to shifts in the seasons in different regions. For example, long dry season and droughts. The rainy season will take place in a short time with the tendency of rainfall intensity is higher than normal rainfall. This is related to La Nina and El Nino that impacting on excess of rainfall on one side (flooding) and water shortages on the other side (drought). At the time of drought occurred in a long period, will encourage the growing the freshwater demand by consumers. Thus causing a decrease in the quantity of groundwater.
Groundwater is an important natural resource that ensures the survival of living creatures, especially humans. The main factor determining that the groundwater becomes important is the quality. But water scarcity, water pollution, floods and droughts are the current challenges that could get worse due to climate change. Therefore, changes in precipitation lead to changes in water resources [1] , thus affecting all sectors that use water as essential requirement such as communities, agriculture, and industry.
As a small island, Ternate at the moment, faced the several problems related to water resources. Firstly, decrease of groundwater quantity. Ternate Island rely on groundwater as a source of drinking water because surface water are not founded in this island. Bandung Geological Agency in their publication in 2011, show that the potential of groundwater in Ternate Island has been declining in quantity caused by overload uptake by the community. Secondly, increase of population in Ternate city had encouraged rise of the clean water need [2] . The population number of Ternate City of Ternate attempt to pumping the groundwater in order to service the costumers. As a consequence, the groundwater had been empty and saltwater will exchange to the freshwater position.
A great number of studies and investigations of climate change effects for water resources have been published in different international reports and scientific journals [3] [4] [5] [6] [7] . But, this studies tend to focused on decline of water resources in Small Island as the effect of changing of precipitation. Therefore, the aims of this research are to explain the condition of precipitation at Ternate Island related to climate change, to assess the saltwater intrusion in coastal area as impact of decline of groundwater and suggest several options as strategic adaptation plan could be done by government. Topography, Ternate is a mountainous area and hilly area with altitude that varies greatly from 0 to more than 1 000 m. Altitude 0 m to 100 m is the most dominant and is located on the coastal side area. The lowest elevation located on the east around the coast and towards the west the higher. Ternate City area, slope highly variable, ranging from 0 % to 60 %. The main area of the city is generally a plateau with a slope of 2 % to 5 %. Meanwhile, there are also areas with a slope of more than 60 % are located on the western of Gamalama.
Study site
Hydrogeology Understanding the geological processes is an important thing in order to study the water resources in the volcanic islands [8] . In general, based on the geology and physiography of North Maluku, Halmahera could be divided into two parts, namely western parts and eastern parts of Halmahera. The western part of Halmahera was dominated by young volcanic belt composed of volcanic rocks and sedimentary rocks tertiary until quarter, which is extended of Morotai through the West Halmahera district, Ternate Island and Tidore Island until heading Bacan Island. Otherwise, the eastern part of Halmahera, which is extending towards the east through the Gebe Island and the northern part of the Papua. This section consists of a sleeve Halmahera the northeast and southeast beyond the arc which is composed of rocks ultramafic, tertiary sediments and sediments in coastal parts of the quarter.
The initial permeability of young volcanic terrains affects dramatically the behavior and typology of islands' water resources. In Ternate Island, the aquifer system which is controlled by rock fissures and the space between granular materials of volcanic sediment closely corresponds to the free groundwater pattern of Ternate Island. The space between fissures gaps of igneous rocks and the space between granular materials of volcanic sediment becomes the space and the way for the water to flow [8] . Therefore, groundwater is essential resources at this island as a source of drinking water because the limited of surface water resources.
Preview of climate change in Indonesia
Climate change is expected to make a threat against the Indonesian security of water resources. Indonesia has experienced an increase in air temperature [9] noted that the air temperature at ground level around 0. Indonesia projects that the rate of warming will rise relatively uniformly across all of Indonesia from about 0.1 ∘ C to 0.3 ∘ C per decade for the next 100 yr [10] . A more recent study suggests that the rate of warming for Indonesia will be slightly greater from 0.2 ∘ C to 0.3 ∘ C per decade [11] . Modeled precipitation changes are not as uniform;
it is projected that annual rainfall will increase across the majority of the Indonesian islands, with the possible exception of southern Indonesia (including Java), where is it projected to decline by up to 15 % [10] . However, there is considerable variance in rainfall for different climate models, regions of Indonesia and times of the years.
For example, during the December to February season, parts of Sumatra and Borneo become 10 % to 30 % wetter by the 2080's. In contrast, rainfall changes during the June to August season are generally negative; Jakarta for example, is projected to become 5 % to 15 % drier depending on the emissions scenario [10] .
Impacts of observed changes in climate are already evident in Indonesia and will likely worsen due to further human-induced climate change. Rising concentrations of greenhouse gases will continue to raise the surface and ocean temperatures, change precipitation patterns, increase sea levels, and cause various other impacts from more frequent forest fires to increased health risks. Climate change will also continue to affect the natural climate variability, such as El Niño, and may lead to more frequent and more intense weather events.
The study long-term observation data (historical) that has been done by [12] showed that rainfall in the rainy season to the southern part of Indonesia (West Java, Central Java and Lampung) and most of eastern Indonesia tends to increase the amount of rain or is wetter, while rainfall in the dry season tends to be dry except for eastern Indonesia are experiencing wet dry season. Conversely, for the part of Indonesia north (North Sumatra, northern Borneo, North Sulawesi) rainfall rainy season will decrease, while rainfall in the dry season will tend to be higher, especially the northern part of Borneo.
Material and Methods
Precipitation data had been collected from Meteorology and Geophysics Agency (BMKG) of Ternate City for the period 1990 to 2015. Furthermore, the alteration trend of precipitation patterns will use to predict the availability of groundwater through the recharge potency at study area. This prediction applied the calculation of static and dynamic reserves related to the hydrogeology condition of study area [13] .
Subsequently, this study also collect the number of customers and the total distribution of water by PDAM during 10 yr. Those information used to drawing the availability of water in this time. Then, statistical analysis used to predict customer requirements and 
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The 1st ICSEAS 2016 In Fig.1 , it could be seen that for the period February to May, the precipitation was increased thus May is known as the peak of the rainy season. In contrary, the precipitation was decreasing rapidly on period May to September, where September was the lowest time of Precipitation or the climax of the dry season. Furthermore, precipitation will rise up till December. Therefore, It could be said that in Indonesia as well as Ternate
Island there was three seasons, dry season ( June to September), and rainy season (December to March). And others months are transitional seasons.
Similar to Fig.1, Fig.2 shows the total amount of precipitation during the period of 1990 to 2015, where the average of total amount of precipitation around 2 161 mm.
On this graph, it could be explained that on the period 1990 to 1994, the amount of June and the mean value will below the MIROC_ESM model from July to December.
Groundwater availability and water demand
In order to study the water resources in the volcanic islands is necessary to understand geological processes and structures involved in the hydrological cycle. The initial permeability of young volcanic terrains affects dramatically the behavior and typology of islands' water resources [15] . The availability of groundwater from storage in Small
Island is influenced by the size of the island, recharge patterns and a wide spectrum of geological conditions and recharge processes on small islands are largely influenced by rainfall, evapotranspiration, vegetation, and soil [16] .
The potential of groundwater in study areas could be predicted with the calculation of static and dynamic reserves as well as recharge potency. Dynamic groundwater reserves were calculated based on the amount of water in the aquifer that affected by 
Saltwater intrusion at study area
Seawater intrusion is the movement of seawater into fresh water aquifers due to decreases in groundwater levels or by rising in seawater levels. Saltwater intrusion into freshwater aquifers is also influenced by factors such as tidal fluctuations, longterm climate and sea level changes, fractures in coastal rock formations and seasonal changes in evaporation and recharge rates [3] . To measure the seawater intrusion, conductivity and salinity are a very good indicator of chloride content. Based on the
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Physical and chemical characteristic of shallow wells
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Conductivity
Electrical conductivity (EC) is water's ability to deliver electrical current. In pure state, water is a poor conductor or insulator. But, the availability of dissolved ionic substances in water make it's a conductor. Several values of EC indicated the kind of water e.g.
rainwater from (5.0 to 30) μS · cm −1 ; groundwater (30 to 2 000) μS · cm −1 and seawater (45 000 to 55 000) μS · cm −1 .
EC measurement results in all sampling sites showed that the values ranging from
(1 230 to 29 200) μS · cm −1 . However, based on the results observed that EC high value generally can be at the time of measurement with the tide conditions compared with the low tide conditions (Table 1) . These results indicate that in some wells already contains ions are especially high e.g. at 1, 3 and 12 sampling sites. 
Salinity
Salinity is the total weight of all salts dissolved in one liter of water. where at high tide, the value of the salinity in some wells showed higher values compared at low tide. (Table 3 ). This result shows that the water temperature is still within the normal range in accordance with environmental quality standards. 
pH
pH is an important indicator for determining water quality. The pH value indicates the relative amount of free hydrogen atoms and hydroxyl contained in water. The water will be acidic when it contains many free hydrogen ions and is alkaline when hydroxyl contains many ions. Normally, the neutral of pH value ranging between 6,0 to 8.00.
The results of pH value from all sites found that the pH value ranging between 4.22 to10.71. These results shows that some sites already contain many hydrogen ions and hydroxyl ions, and there was no significant difference among pH value at high tide and low tide (Table 4) . 
Adaptation strategies
In the future, dry season estimated length while the rainy season is shorter, but heavier, so the risk of drought, flooding and erosion increases significantly. Therefore, the Ternate City government should have the mechanisms to strengthen the capacity of PDAM and civil society organizations to assess the impact of climate variability and change on integrated water resources management, and assists the formulation of adaptation strategies to integrate these impacts into local development planning.
Several actions could be taken by government in order to adaptation and mitigation strategy related to impacts of climate change. Short term adaptation, such as: i) Inventory of raw water sources; ii) Conduct research to determine the groundwater basin;
iii) Monitoring land use changing in the catchment area; iv) recovery the catchment area; v) Makes the rainwater harvesting and build the recharge wells. Meanwhile, long term adaptation, such as: i) Raise awareness of water and climate issues and
